Actively Targeted Nanoparticles for Drug Delivery to Tumor.
Nanomedicine is an emerging therapeutic modality. Nanoparticles (NPs) are potential vehicles for delivery of anticancer therapeutics. NPs can be designed to facilitate tumor drug delivery both by passive and active targeting mechanisms. Passive targeting of NPs to tumors can be achieved through the enhanced permeability and retention (EPR) effect. Meanwhile, actively targeted NPs can be designed based on two different targeting mechanisms, ligand-directed targeting to the tumor cells and tumor microenvironment (TME)-directed targeting. We searched for and reviewed recently published literature on actively targeted NPs. Progress in this field was summarized in several focus areas, including methods for targeting of tumor cells and for targeting TME. Advantages and limitations of each approach were discussed. This article covers data from 240 recent publications and provided numerous examples of ligand-directed NPs targeting tumor cell-selective surface receptors. Targeting ligands discussed include proteins such as transferrin and antibodies, as well as low molecular weight agents, such as peptides, aptamers, carbohydrates, and folate. In addition, extensive discussions of TME targeting NPs, designed to release drug in response to TME-specific stimuli, such as low pH, tumor-selective enzymes, and unique characteristics of tumor neovasculature, are also included in this review. In general, many novel actively targeting strategies have been developed and encouraging data have been reported in numerous settings, both in vitro and in animal studies. Active targeting of NPs has experienced rapid growth as a field of research and is continuously expanding. There are now some early examples of efforts on clinical translation and reported clinical trials on these NPs. Future development of actively targeted NPs depends on better understanding of the many factors affecting the behavior of NPs in vivo and likely involves combining the approaches of targeting the tumor cells and of targeting components of the TME.